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In a former paper  t we reported on the reactions produced in the skin 
of normal guinea pigs  after the intradermal inoculation of Mexican 
typhus Rickettsiae.  The local reactions resulting from such treatment 
afforded an opportunity to follow the agent of typhus fever through 
the different stages of the development of the lesion.  The possibility 
that Rickettsiae disappear from the typhus lesion because of an early 
phagocytosis by polymorphonuclear leucocytes was discussed. 
In the present paper we are reporting certain results which follow the 
intradermal inoculation of live  and  killed  Mexican  Rickettsiae  into 
typhus immune animals.  In addition, toxic reactions produced in the 
skin of normal men and guinea pigs upon the injection of formalinized 
Rickettsiae  are  described. 
Materials and Technique 
The material referred to as live Rickettsia suspensions,  was prepared according 
to  the methods reported previously,  t  The  suspensions of washed Rickettsiae 
were obtained from rats exposed to X-ray radiation and subsequently infected 
with typhus virus.  The animals were killed on the 5th day after the inoculation 
and the peritoneum washed with an isotonic solution of sodium citrate.  These 
washings were mixed with an equal amount of normal guinea pig serum which 
had been diluted 1/3 in saline.  The serum prevents the rapid deterioration of the 
typhus virus which occurs when it is suspended in saline only.  The cells and 
* This work was partially supported by a grant  from the DeLamar Mobile 
Research Fund. 
1  Castaneda, M. R., Y. Exp. Med., 1936, 64, 689. 
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detritus were removed by low speed centrifugation, following  which the super- 
natant fluid was centrifuged at high speed and this sediment was resuspended in 
a I/6 dilution of normal guinea pig serum.  This product was again centrifuged 
at high speed and the sediment resuspended in a small volume of saline.  Smears 
stained with methyl violet revealed Rickettsiae in numbers which were usually over 
I000 organisms  per oil immersion  field.  Part of the washed  Rickettsiae was diluted 
in guinea pig serum in order to obtain suspensions of about 20 live organisms  per 
oil immersion field.  The remainder of the emulsion was heated at 60°C. for I 
hour.  The formalinized  Rickettsia suspensions were prepared in the same manner 
except for the use of 0.2 per cent formalin  in citrate and in salt solutions  instead of 
the diluted serum. 
The live or killed Rickafsia suspensions were injected intracutaneously into the 
shaved skin  of white guinea pigs in doses of 0.2 cc. 
Intradermal Inoculation of Live Rickettsiae into Typhus Immune 
Guinea Pigs 
The results obtained by inoculating immune guinea pigs with tunica 
washings from typhus infected guinea pigs were not uniform.  How- 
ever,  the  richer  material prepared  from  the  peritoneum  of  typhus 
infected  rats,  produced  reactions  with  consistent  regularity.  The 
hypersensitivity of the skin to the proteins contained in the inoculum 
was controlled by the intradermal injection of diluted guinea pig or 
rat serum.  Table I indicates the ¥arious types of reactions produced 
by the intradermal inoculation of Mexican typhus virus into immune 
guinea pigs.  Each of the  first three  animals received an inoculum 
prepared from a typhus infected guinea pig.  The rest received virus 
derived from typhus infected rats. 
Many experiments, similar to those presented in Table I, demon- 
strated  that  guinea  pigs  which  have  recovered  from  European  or 
Mexican typhus, respond to reinoculation with the Mexican virus by a 
local inflammatory reaction at the site of the intradermal injection. 
The reactions appear in 24 to 48 hours after inoculation, reach their 
maximum intensity by the 48th hour, and fade from the 3rd to the 
5th  day.  The  center  of the  inflamed zone  may become ulcerated, 
presenting the appearance of a tuberculin reaction.  When this occurs 
the formation of a scab retards the healing of the injured skin. 
If the reactions shown by both normal and immune animals after 
the intracutaneous injection of Mexican virus be compared it will be 
observed that the reactions appear earlier and fade sooner in the ira- M.  RUIZ  CASTANEDA  703 
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mune animals.  The lesions are more severe in the normal guinea pig. 
The inoculation of large doses of virus produces reactions which are 
usually of the same intensity in  animals immune to both types of 
typhus.  However,  it  has  been  observed  that,  when  a  moderate 
inoculum was used as a test dose, the European typhus immune guinea 
pig develops stronger  reactions than  the  Mexican  typhus immune 
animals. 
After a first inoculation with typhus virus, variations in the reactions 
to the intradermal test depend upon intervals between the injections 
and the quantity of the inoculum.  Table II summarizes the results 
obtained in two series of Mexican typhus immune guinea pigs tested 
at periods of time ranging from 5 to 69 days after the first typhus 
infection.  The second series were tested at the same time with tunica 
washings and  rat  peritoneal washings.  Two  European typhus im- 
mune guinea pigs are  included in  the second series.  The negative 
results  of  the  control injections with  guinea pig  and  rat  sera  are 
omitted from the table in order to save space. 
Table II indicates that typhus immune guinea pigs begin to react 
with an accelerated type of reaction after the 15th day from the first 
administration of the virus.  During the first 10 days after the infec- 
tion the animals tested with a strong inoculum may react in a manner 
similar  to  that  produced by  a  mild  inoculum in  normal  animals. 
There is a short period of time, from the 10th to the 15th day, in which 
the  animals develop no significant reactions at  the site of the test 
inoculation. 
The accelerated skin reaction shown by the immune animals has 
been produced several times in the same animal at intervals of time 
varying from 5 to 30 days between the tests.  In case of repeated tests 
with rat material, care was taken to avoid confusion with the reactions 
due to the development of dermal sensitivity to rat protein. 
Survival of the Typhus Virus in the Local Lesion Produced  by Intradermal 
Inoculation into Typkus Immune Guinea Pigs 
The skin, at the site of the inoculation of Mexican Rickettsiae into 
typhus immune guinea pigs was removed at 24 hour intervals.  The 
removed skin was emulsified in saline and inoculated intraperitoneaUy 
into normal male guinea pigs.  The results of such experiments, as 706  MECHANISM  OF  rMMUNITY  IN  TYPHUS  ]~EVER.  II 
indicated in Table III, have shown that the virus remains alive in the 
skin of the immune  animals for 72 hours after the inoculation.  How- 
ever, in the Mexican typhus immune 1-84, in which guinea pig tunica 
washings  were inoculated,  the  virus  disappeared  sooner than  in  the 
similarly treated European immune animal. 
TABLE  III 
Survival of Mexican Typhus Virus in the Local Skin Lesion Produced by Inlradermal 
Inoculation into Immune Animals 
Type of 
virus immu- 
Guinea  ulzation 
pig No.  and days 
after 
inoculation 
1-66  European 
28 days 
1-84  Mexican 
36 days 
3-91  European 
43 days 
3-38  European 
73 days 
4-87  Mexican 
26 days 
Date of 
skin test 
1936 
Jan. 4 
Mar. 5 
Apr.  2 
Inoculum 
Guinea  pig 
tunica 
Re-  movaf  Results of the intraperitoneaf 
of  inoculation  of the removed  skin into 
skin  male guinea pigs 
24 
48 
"  "  24 
48 
Rat peritoneal  48 
exudate 
72 
Guinea  pig  2-(D--Positive  wit~ 
scrotal swelling on the 7th day 
Guinea  pig  1-60--Posifive with 
scrotal sweUing on the 6th day 
Guinea  pig  1-33--Positive  with 
scrotal swelling on the 13th day 
Guinea pig 1-59---Negafive 
Guinea  pig  3-7t--Positive  with 
scrotal swelling on the 6th day 
Guinea  pig 3-70--Positive  with 
scrotal swelling on the 7th day 
96  Guinea pig 9-6--Negative 
48  Guinea  pig  9-7--Positive with 
scrotal  swelling  on the 9th  day 
72  Guinea  pig 8-4---Positive  with 
scrotal  swelling  on  the  13th  day 
Microscopic  Examinaion of the Skin at the Site of the Inoculation  of 
Typhus Virus into Immune Guinea Pigs 
The skin at the site of the reaction was removed at intervals of 24 hours after 
the intracutaneous inoculation of typhus virus into immune guinea pigs.  Sections 
were prepared  and  stained  by the formallnized Giemsa solution, as described in 
the  previous  paper. 1  24  hours after  the  inoculation,  an  infiltration  by  poly- M.  RUIZ  CASTANEDA  707 
morphonuclear leucocytes was noted which was similar to that observed in normal 
animals.  At 48 hours,  the corium and vascularis were moderately infiltrated by 
mononuclear  phagocytes  and  polymorphonuclears.  During  the  following days 
the infiltration became less marked, contrasting with that seen in normal guinea 
pigs  where  the  cellular reaction  continued  to  increase  after  48  hours.  Micro- 
scopicaUy, Rickettsiae in  the  skin lesions of immune  guinea  pigs have not been 
demonstrated, 
TABLE  IV 
Intradermal  Injection  of Heat-Killed  Rickettsiae  into  Guinea  Pigs  (Normal  and 
Typhus Immune) 
iuinea 
ig No. 
1-75  European i Nov. 
immune 
1-83  Mexican  " 
immune 
1-38  Normal  " 
Date of  Day following  the test 
History  the 
skin test  2  3  4  5  6  7  8  9 
+  ++  +  Scab 
1935 
23 
4-  4-  --  m 
4-  4-  --  _ 
,,  ++  +  4-  - 
4- 
4- 
Inoculum 
Rat  virus  (10 
Rickettsiae 
per field) 
Same heated 
Rat serum 1/10 
Rat  virus  (10 
Rickatsiae 
per field) 
Same heated 
Rat serum 1/10 
-4-  +  ++  +++  ++  +!  +  Scab  Rat  virus  (10 
Rickettsiae 
per field) 
-4-  --  --  --  Same heated 
4-  -  -  -  Rat serum I/I0 
Intradermal  Injection  of Killed  Rickettsiae  into  Normal  and  Immune 
Guinea Pigs 
1. Heat-Killed  Rickettsiae.--The  material  used  as  live  Rickettsiae  inoculum, 
which has been conveniently diluted in order to obtain a  maximum of about  20 
organisms per oil immersion field, was heated at 60°C. for 1 hour.  The inoculation 
into normal and immune guinea pigs of the heated and unheated material gave the 
results recorded in Table IV. 
This  experiment  shows  that  the  heating  at  a  temperature  slightly 
over  the  minimum  necessary  to  kill  the  Rickettsia  bodies,  not  only 708  MECHANISM  O~F  ~UNITY  IN  TYPHUS  FEVER.  II 
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renders the virus innocuous toward the normal guinea pig, but prevents 
the development of the skin reaction produced in the immune animals 
by the unheated material. 
When rich suspensions of washed Rickettsiae are heated for 1 hour 
at 60°C.,  the results of the intradermal inoculation into normal and 
immune animals are  as  shown in Table V.  In this experiment the 
TABLE  VI 
Intradermal Inoculation of Heated and Unheated Suspensions of Formalinized 
Rickettsiae into Normal and Immune Guinea Pigs 
guinea  History 
Fig No. 
1-81  Mexican 
typhus 
NOV. 
29, 193~ 
3-32  Normal 
Date of  Day following the test 
the 
skin test  2  3  4 
1936 
Jan. 27  ++  -b-I-  "[- 
Inocuhm 
5  6  7 
Guinea pig tunica wash- 
ing 
-b  4-  --  --  Formalinized Rickettsiae 
(1000 per field) 
-b  4-  -  -  Same heated  70°C. 
-4-  ±  -  --  Rat  serum  diluted  1/10 
in  0.01  per  cent  for- 
malin 
4-  --  --  -  Guinea pig serum  1/10 
4-  -l--l- +-b  +  q'-l--b  -b-b -}- q-  Guinea pig tunica wash- 
ing 
-t--t"  -b  --  --  Formalinized Rickettsiae 
(1000 per field) 
4-  --  --  --  Same heated  70°C. 
4-  --  --  --  Rat  serum  diluted  1/10 
in  0.01  per  cent  for- 
malin 
4-  --  --  --  Guinea pig serum  1/10 
effect of 20 live washed Rickettsiae per oil immersion field is compared 
with that of various suspensions of heat-killed Rickettsiae containing 
1000, 100, and 50 organisms per oil immersion field. 
As it may be seen in Table V, the heated Rickettsiae produced no 
significant reactions in either normal or immune animals even when 
injected in relatively large doses. 710  MECHANISM  O1~' IMMUNITY IN  TYPHUS FEVER.  II 
2..  Formalin-Killed  Rickettkiae.  Toxicity.~It  has been the experience of work- 
ers in this laboratory that a  concentration of 0.2 per cent formalin (40 per cent) 
is sufficient to inactivate the virus of typhus in a relatively short time.  24 hours 
after the organisms are  suspended in formalinized saline, the  emulsion may be 
safely used. 
Formalinized Rickettsia  suspensions, containing over  1000 organisms per oil 
immersion field, were freed from the  formalin by centrifugation and resuspension 
in saline.  Part of the emulsion was heated at 70°C. for 40 minutes and the heated 
TABLE  VII 
Titration  of the  Toxicity  of tl~e Formalinized  Rickettsiae  Suspensions 
(Intradermal  Inoculation) 
Normal  guinea pig 
24 hrs.  48 hrs.  72 hi 
mm.  ~m.  mtl~ 
16"  10"  -- 
12"  7  -- 
12"  7  -- 
10"  6  -- 
8  6  -- 
8  5  -- 
.5  5  -- 
5  4  -- 
.5  4  -- 
4  --  -- 
Typhus immune guinea pig 
s.  :4  hrs.  48  hrs.  72 hrs. 
Mm.  ~m.  mm. 
11"  8  -- 
10"  6  -- 
8  6  -- 
8  5  -- 
6  7  -- 
8  5  -- 
5  4  -- 
5  4  -- 
4  4  -- 
4  4  -- 
Inoculum 
Unheated formalinized Rickettsiae 
1000 per oil immersion field 
400  "  "  "  " 
200  "  "  "  " 
100  "  "  "  " 
50  "  "  "  " 
Rickettsiae heated at 70°C. 40 min. 
1000 per off immersion field 
400  ~*  ~t  ~t  ,c 
200  "  "  "  " 
100  "  "  "  " 
Rat serum diluted 1/10 in 0.01 pe] 
cent formalin 
* Indicates  significant reactions. 
and unheated suspensions were injected  intradermaUy into normal and immune 
guinea pigs.  The inoculation of a few live Rickettsiae  per oil immersion field was 
included as a  control. 
In the  experiment presented in Table VI the  live Rickettsiae  pro- 
duced the ordinary reactions in both animals.  The unheated forma- 
linized Rickettsiae  produced  a  definite reaction in the normal guinea 
pig.  This reaction consisted in a  congestion and swelling of the skin 
at the site of the injection, which appeared at 24 hours and faded  72 
hours after the test.  The heated Rickettsiae  produced no reaction in M.  RUIZ  CASTANEDA  711 
the normal animal.  The typhus immune guinea pig showed a slight 
reaction of short duration to both heated and unheated Rickettsiae. 
The results of an attempt to titrate what seemed to be a toxic effect 
of the unheated formalinized Rickettsiae  are noted in Table VII.  In 
this experiment various dilutions of heated and unheated formalinized 
Rickettsiae  were injected into normal and immune guinea pigs.  The 
readings indicate the diameter of the wheals in millimeters. 
If one considers the 10 ram. reactions as indicating a definite reaction 
there appears to be a difference  between the readings in the normal and 
the immune animals to suggest a degree of resistance on the part of 
the immune guinea pig toward the toxic effect of the unheated emul- 
sions. 
The toxicity of the unheated formalinized Rickettsiae is apparently 
due to a heat labile substance contained in the Rickettsia bodies.  This 
is shown by the fact that the peritoneal exudate from typhus infected 
rats has no toxic effect, when the formalinized Rickettsiae are removed 
by high speed centrifugation.  The formalinized  Rickettsia suspensions 
which have been kept for a month in the ice chest, have been centri- 
fuged and both fractions compared, with the result that  the resus- 
pended Rickettsiae  were still  toxic while the  supernatants were in- 
active. 
The effects of the formalinized Rickettsia  suspensions  upon human 
beings have been studied in a  small group of persons, some of whom 
had a definite history of typhus infection. 
The unheated formalinized Rickettsiae  produced, in  normal volun- 
teers, a  reaction similar to that observed in the normal guinea pig. 
This reaction consisted in an area of congestion 2 or 3 cm. in diameter, 
which appeared 24 hours after the intradermal test and faded on the 
3rd day.  The heated formalinized Rickettsiae,  injected as a control, 
produced no reaction. 
The  injection of  formalinized Rickettsiae  into  persons  of  known 
typhus  history  has  shown  irregular results.  One  person  who  had 
typhus fever in 1929 showed a strong reaction lasting 5 days, to both 
the  heated  and  unheated Rickettsiae.  Another immune individual 
who had typhus fever in 1929 showed no reaction to the heated mate- 
rial and a very slight congestion at the site of the injection of unheated 
Rickettsiae.  Some immune people tested by Dr. H. Naterman, in the 712  MECHANISM  OF  I~ITY  IN  TYPHUS  FEVER.  H 
Beth Israel Hospital did not react to a  suspension of the unheated 
Rickettsiae which had produced a reaction in normal persons tested at 
the same time.  Goodman and Brodie  2  found persons of known typhus 
history who reacted to  the intradermal inoculation of formalinized 
Rickettsiae, while their controls did not react.  In a recent visit to this 
laboratory, Dr. Brodie informed us that in experiments with a  fresh 
lot of typhus vaccine sent by Dr. Zinsser, he found positive reactions 
in normal individuals as well as typhus immune persons.  Likewise 
occasionally an individual who had recovered from typhus failed to 
exhibit the reaction. 
DISCUSSION 
As was shown in a previous paper, the intradermal inoculation of 
Mexican  typhus  Rickettsiae  into  normal  guinea  pigs  produces  an 
inflammation of the skin at the site of injection.  This lesion usually 
begins 48 hours after a moderate inoculum and lasts for about 10 days. 
Rickettsia  bodies  may  be readily found in  the swollen cells  of the 
vascular  endothelium.  The  results  obtained  in  the  experiments 
described in the present paper reveal that the typhus immune guinea 
pig develops a local reaction, similar in its appearance to the lesions 
observed in  normal animals.  The  reaction in  the  immune animal 
usually begins 24 hours after the inoculation, reaches its maximum 
intensity in from 24 to 48 hours; but contrary to what is observed in 
the normal guinea pig, the inflammation fades on the 4th or 5th day 
after the injection.  As in the case of the normal animals, the intensity 
and constancy of the reaction depends on the richness of the inoculum. 
The  intradermal inoculation of typhus virus into guinea pigs at 
various intervals of time after the first typhus infection shows that 
during the first  10  days a  rich inoculum produces reactions which 
resemble the lesions observed in normal animals.  From the 10th to 
the 15th day there is little or no reaction at the site of inoculation. 
From the  20th day on  the  skin reactions, with the  characteristics 
described  above,  are  constant  in  Mexican  and  European  typhus 
immune guinea pigs.  The test has been repeated at intervals of 5 to 30 
days in  the  same animal, with positive results.  For  this purpose, 
2 Goodman,  C., and Brodie, M., Proc. Soc. Exp. Biol. and Med., 1935, 39., 1332. M.  RUIZ  CASTANEDA  713 
guinea pig tunica washings and rat peritoneal washings were alter- 
nately  used  as  inoculum in  order  to  avoid  the  repetition  of  rat  material. 
The skin  removed from  the  site  of  the  reaction  showed that  the  virus 
may be recovered 72 hours after  the test  in the immune guinea pigs. 
The fact  that  the  virus  hcatcd at 60°C. for I hour loses  its  property 
to  produce a local  reaction,  together with the survival  of  the  Rickettsia 
bodies in  the immune animals, is  an indication  that such reactions  are 
stimulated by the  living  virus  and are  not  the  mere result  of  an allergic 
response to Rickettsia  constituents. The beginning of the reaction 
after  a period of  incubation of  24 to  48 hours; the acute inflammatory 
reaction observed in sections  of the skin,  as well as the variations  in 
the intcnsity  and duration of the lesions  according to the intervals 
between the first  infection  and the test,  suggest that such reactions 
may bc duc to a partial  state  of immunity as is the case in Koch's 
phenomenon and in  the  "accelerated  takes"  in  smallpox  vaccination of 
immune persons. 
The difference  in the intensity  of the reactions presented by the 
Mexican and European immune animals,  together with  the  apparently 
longer survival  of the virus in the European typhus rccovered guinea 
pig, indicate that the latter  possesses a weaker state  of immunity 
toward Mexican Rickettsiae.  This observation is  in  accord  with other 
immunological and pathological differences  found in both types of 
typhus virus. 
The intradermal injection into typhus immune guinea pigs of rich 
suspensions  of heat-killed  or  formafinized  Rickettsia~,  produces no 
significant reactions, even in numbers hundreds of times those required 
to develop a strong reaction with live Rickettsiae. 
When normal guinea pigs are intradermally injected with suspen- 
sions of formalin-killed Rickettsia, there is a congestion and swelling 
of the skin at the site of the injection, which appears 24 hours after the 
test and usually lasts 48 hours.  A similar reaction has been observed 
in several normal men without typhus history.  A  minimum of 50 
to  100  Rickettsiae  per oil immersion field seem to  be  necessary to 
produce the  reaction.  The  heating of  the  formalinized Rickettsiae 
at 70°C. for 30 minutes renders the suspensions inactive when intra- 
dermally inoculated into normal men and guinea pigs. 714  I~[ECItANISM  OF  TM-~4FI]'NI~  IN TYPHUS  FEVER.  II 
The results of the  intradermal inoculation into  the  few immune 
persons  available  in  Boston  have  shown  that  heated or  unheated 
formalinized Rickettsiae  produced an allergic reaction in one immune 
person who had Mexican typhus, acquired in this laboratory in 1929; 
another with a similar history showed a slight reaction to the unheated 
Rickettsiae.  However a few individuals tested with unheated forma- 
linized Rickettsiae in the Beth Israel Hospital showed no reaction at all. 
The  reactions  observed  in  normal  persons  and  guinea  pigs  are 
probably  due  to  the  toxicity of the  Rickettsia  bodies.  The  toxic 
substances remain active in  the formalinized suspensions  at least  1 
month, but are easily destroyed by heat. 
Further studies of a combination of the allergic and toxic reactions 
may be of advantage in the detection of typhus immune persons. 
SUMMARY  AND  CONCLUSIONS 
The intradermal inoculation of Mexican typhus virus into immune 
guinea pigs produces a local reaction which is similar in its appearance 
to the lesion observed in the skin of normal animals submitted to the 
same treatment.  The reaction in the immune animal appears earlier 
and fades sooner than the lesion in the normal guinea pig. 
The inoculation of heat-killed or formalin-killed Rickettsiae produces 
no  significant reactions at  the  site  of  the  intradermal injection in 
typhus immune guinea pigs. 
• The virus, inoculated intradermally, has been recovered from the 
local  lesion  72  hours after the injection into typhus immune guinea 
pigs. 
Normal guinea pigs and persons without a history of typhus fever 
present a congestion and some swelling of the skin at the site of the 
intradermal  injection  of  formalinized  Mexican  Rickettsiae.  The 
reaction appears 24 hours after the inoculation and fades within 48 
hours.  Heating  the  formalinized  Rickettsia  suspensions  at  70°C. 
for 30 minutes renders them inactive in normal men and guinea pigs. 
From  the  experiments reported in  this  paper  it  seems  that  the 
reactions observed in  typhus immune guinea  pigs  submitted  to  a M. RUIZ CASTANEDA  715 
second inoculation of typhus virus, belong to the group of reactions 
presented  by  tuberculous  animals  (Koch's  phenomenon)  and  the 
accelerated takes shown by immune persons submitted to revaccina- 
tion with vaccinia virus. 
A heat labile substance has been demonstrated in the formalinized 
Rickettsia  bodies, which  produces  a  reaction in the skin of normal 
men and guinea pigs. 